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Potential Alterations 
in Immunogenicity by Combining 
or Simultaneously Administering 
Vaccine Components* 

RICHARD A. INSEL 

Department of Pediatrics 
University of Rochester Medical Center 
601 Elmwood Avenue, Box 777 
Rochester, New York 14642 

One of the goals of the Children's Vaccine Initiative (CVI) is to reduce the number 
of contacts required to immunize a child fully. To meet this goal, new combination 
vaccines will need to be developed. Multiple new vaccines are under development that 
will be combined. 1 Currently, there are several licensed combination vaccines in the 
United States (see Table 1). These include mixtures of killed, inactivated, or nonrep- 
eating vaccines (e.g., diphtheria-tetanus-pertussis [DTP], 23-valent pneumococcal 
polysaccharide vaccine) and live, attenuated replicating vaccines (e.g., measles-mumps- 
rubella [MMR] and oral poliovirus [OPV]). The licensed pneumococcal polysaccha- 
ride vaccine includes 23 pneumococcal serotypes. It is likely that combination vaccines 
for use in infant immunization programs in the United States will need to include the 
following vaccine antigens: DTP, poliomyelitis virus, hepatitis B (HBV), Haemophilus 
influenzae b (Hib), and probably pneumococcal and meningococcal polysaccharides 
(PS) presented as conjugate vaccines. In parts of the underdeveloped world, childhood 
vaccines will be required that induce protection also from tuberculosis and malaria. 

Combination vaccines or the simultaneous administration of vaccines need to gen- 
erate protective immunogenicity equivalent to their immunogenicity when adminis- 
tered separately. As combination vaccines or protocols are developed, they will be more 
closely evaluated than in the past. It is unclear whether the currently licensed 23-valent 
pneumococcal polysaccharide vaccine was studied as rigorously as would be done 
today and shown to retain an immunogenicity for each polysaccharide type equal to 
that of each when administered individually. Early studies suggested that mixing poly- 
saccharides as a multivalent vaccine had no or minimal effect on immunogenicity. 2 
Most importantly, the licensed 23-valent pneumococcal polysaccharide vaccine has 
been demonstrated to have protective efficacy, and any decrease in immunogenicity, 
if present, would be accepted based on its protective capacity. 

Vaccines that arc simultaneously administered today in the United States include 

a This work was supported in part by Grant #NO! AI45248, Evaluation of Control Measures 
against Infectious Diseases Other than AIDS from the National Institute of Allergy and Infectious 
Diseases, National Institutes of Health. 



35 



36 ANNALS NEW YORK ACADEMY OF SCIENCES 

Table 1. Licensed Combination Vaccines in the United States 

• Diphtheria-tetanus-pertussis (DTP) t 

• DTP-HbOC (Tetramune™) 

• OPV and IPV (3-valcnt) 

• Measles-mumps-rubella (MMR) 

• Pneumococcal polysaccharide (23-valent) 

• Meningococcal polysaccharide (4-vaIent) 



combinations of DTP, DTP-Hib, OPV/MMR, and HBV. The Centers for Disease 
Control (CDC) recommends simultaneous administration of DTP, OPV, MMR, and 
Hib in children if a subsequent visit is doubtful. Simultaneous administration has been 
found not to interfere with immune responses to: (1) DTP and OPV; DTP and IPV; 
(2) DTP and Hib polysaccharide vaccines; (3) MMR; (4) DTP, OPV, and MMR; and 
(5) pneumococcal polysaccharide and influenzae vaccines; (6) Hib conjugate vaccines 
and MMR, DTP, or OPV; (7) Hib, pneumococcal and meningococcal polysaccharide 
vaccines. 3 ' 4 

Some recendy developed combination vaccines have suggested interference with im- 
munogenicity, while others have shown enhancement. In a trial in Chile (see Clemens 
etaL, this volume), antibody responses to the pertussis component of a DTP vaccine 
combined with an Hib conjugate (PRP-T) vaccine were depressed when the vaccine was 
administered simultaneously or separately. 5 In contrast, a combination vaccine (Tet- 
ramune™) composed of DTP with Hib conjugate vaccine (HbOC, HibTiter) was 
shown to be more immunogenic than separate, simultaneous injections of DTP and 
HbOC vaccine when administered at two, four, and six months of age 6 (see P. R. 
Paradiso, this volume). Higher antibody responses to all four components of the vac- 
cine were observed. In the case of Tetramune, the increase antibody responses to the 
Hib capsular polysaccharide may be due to the presence of the whole-cell pertussis vac- 
cine at the same site as the HbOC vaccine. Whole-cell pertussis vaccine has adjuvant- 
like effects 7 and can enhance the immunogenicity of other vaccine components, such 
as diphtheria toxoid. The explanation for the increased response to tetanus toxoid in 
the combined vs. separate vaccine is unknown, but may be related to the increased 
amount of immunogenic material at the site with the combination vaccine. 



INTERACTIONS OF VACCINES 

There are several possible causes for reduced immunogenicity of combination vac- 
cines. These include physical or chemical interactions, interactions between live 
viruses, or immunological interference. Combination vaccines may have decreased im- 
munogenicity of the individual components because of physical interactions among 
the vaccine components that affect stability, consistency, or immunogenicity. Buffers 
for one vaccine may not prove compatible with those of another vaccine. Adjuvants 
such as aluminum hydroxide and phosphate bind to inactivated vaccines by noncova- 
lent ionic binding. Combination vaccines with adjuvants may result in some compo- 
nents of the vaccine that are not normally adjuvant-absorbed being presented with an 
adjuvant or being displaced from the adjuvant. Each individual vaccine component 
will need to be stably adsorbed to an adjuvant prior to mixing into a combination vac- 
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cine. There may be inherent incompatibility between vaccines. Some DTP and Hib 
vaccines contain thimerosal, which will destroy the potency of inactivated poliovirus 
vaccine (IPV). These vaccines, as reconstituted and stored today, cannot be mixed 
stably in a vial. Storage of the two components in dual-chambered syringes can circum- 
vent this problem. 

Combination live viral vaccines can interfere with each other. With live viral vac- 
cines, local interferon production induced by one virus can inhibit replication of 
another virus. Simultaneous replication of polio and rotavirus vaccines in the gastro- 
intestinal tract can interfere with their immunogenicity. When MMR vaccines were 
being developed, more immunogenic strains or higher viral doses were required to over- 
come interference of virus immunogenicity. 8 With OPV, there is some competition 
between virus strains (type 2 virus replicates fester than types 1 and 3), that does not 
occur with monovalent vaccine. This is compensated for by the administration of 
multiple doses of trivalent OPV. The current MMR vaccine shows no interference as 
formulated when administered either alone or with OPV. 

The possibility of immunological interaction between different vaccine compo- 
nents of combination vaccines remains relatively unexplored. Interaction could either 
enhance or suppress the immune response to individual vaccine components. Overall, 
when tested, the theoretical possibility of enhanced reactivity or suppression of im- 
mune responses with vaccine combinations has rarely been observed. There are several 
theoretical possibilities by which immunizing with combination vaccines could lead 
to immunological interactions between vaccine components. These include effects on 
antigen capture, processing or presentation, or lymphocyte recognition and responses. 



IMMUNOLOGIC INTERACTIONS -ANTIGEN CAPTURE, 
PROCESSING, AND PRESENTATION 

Antibodies commonly recognize conformational^ determined epitopes on anti- 
gens and can recognize either proteins or polysaccharides. 9 ' 10 In contrast, T cells rec- 
ognize epitopes of proteins that are presented as peptide epitopes on the surface of 
antigen presenting cells (APC) associated with class I or class II major histocompati- 
bility complex (MHC) molecules, 11 > 12 Denaturation of B cell epitopes will destroy the 
ability of either serum or surface immunoglobulin to bind the vaccine antigen, so that 
conformational determinants will need to be maintained in designing vaccines in- 
tended to induce antibody responses. Polysaccharides cannot associate with MHC 
class I or II molecules. Class I and II molecules bind peptides generated inside the APC 
that are then transported to the surface of the APC, where they are recognized by T 
cells. 13 ' 14 Preformed peptides can bypass this requirement for antigen processing. The 
T cell receptor, composed of a and /? chains, recognizes the peptide epitope presented 
in the antigen-binding groove of the MHC molecule. CD4 on helper T cells (Th) inter- 
acts with MHC class II, and CD8 on cytotoxic T cells interacts with class I molecules, 
which lead to class II restricted and class I restricted responses being mediated by 
CD4+ T cells and CD8+ T cells, respectively. 

CD4+ Th cells enhance the responses of B cells and other T cells leading to anti- 
body production or elicitation of an inflammatory or delayed hypersensitivity re- 
sponse. CD4+ Th cells are stimulated by antigens presented by class II molecules and 
additional costimulation signals being mediated by the interaction of CD28 or CTLA4 
on T cells with the B7 ligand on specialized APC-macrophages, dendritic ceils, or acti- 
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FIGURE 1. B cell processing and presentation of protein-polysaccharide conjugate vaccines. 

vated B or T lymphocytes. 15 For resting B ceils, an interaction between the CD40 
ligand on activated T cells and B cell CD40 is required to upregulate B7 expression 
on the B cell. The B cell is stimulated to proliferate, differentiate, and respond to cyto- 
kines (IUO, IL-4) that promote isotype switching and antibody secretion. CD8+ 
T cells are responsible for killing cells harboring pathogens or releasing lymphokines 
that activate cells to kill pathogens. Presentation of peptide-MHC in the absence of 
the costimulatory signal leads to T cell inactivation or anergy, which is associated with 
a block in IL-2 gene transcription. 16 

Different pathways are involved in MHC class I- and class II-dependent antigen 
presentation (see R. N. Germain, this volume). 14 Class I proteins must be present in 
the cytoplasm to allow the generation of peptides and their association with MHC 
class I molecules. Part of the life cycle of virus and some other intracellular pathogens 
reside in the cytosol, where they synthesize protein. The proteins are degraded in the 
cytosol and are then transported to the lumen of the rough endoplasmic reticulum, 
where they interact with MHC I. Class I peptides are usually precisely 8-10 residues 
long, have distinct ailele-specific residue at certain positions, and are restricted to a 
limited number of peptides, in contrast to class II restricted peptides. To direct non- 
peptide vaccines into the class I pathway will require the use of live vectors that produce 
intracellular proteins or pH-sensitive, enzyme-sensitive liposomes. 

MHC class II molecules are expressed on macrophages, dendritic cells, and B cells. 
Class II restricted peptides are generated in the APC following endocytosis of antigen 
bound to Fc receptors of the APC or surface immunoglobulin on B cells. The endo- 
cytosed antigen is then degraded into peptides that bind to class II molecules in the 
acidic environment of the late endocytic compartment. The class II peptide complex 
is then expressed on the surface of the APC, where it is recognized by Th cells. Class 
II peptides range in size from 12-24 residues in length and may have conserved motifs 
for particular polymorphic binding pockets of class II molecules. 
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FIGURE 2. Competition between polysaccharide (PS)- and diphtheria toxoid (D)-specific B 
cells for binding to a diphtheria toxoid-polysaccharide conjugate vaccine. 



Antigen at low concentration is preferentially endocytosed and processed by B cells 
expressing surface immunoglobulin (S-Ig) specific for that antigen through their pref- 
erential capture of antigen. 13 > 17 Carrier-hapten or protein-polysaccharide linked anti- 
gens, or so-called conjugates, are endocytosed by hapten- or polysaccharide-specific B 
cells that can then present carrier-specific peptides associated with MHC II to Th cells 
(Fig. 1). The carrier and hapten must be physically linked to allow their co- 
internalization. Naive T cells are first primed by antigen presented by dendritic cells 
and not resting B cells. Once primed, memory T cells can then be restimulated by anti- 
gen presented by a broader range of APC, including B cells. 18 ' 19 Therefore, although 
B cells are efficient at antigen presentation, naive T cells require antigen presentation 
from a professional APC, with the best APC being dendritic cells. 20 ' 21 In feet, naive 
virgin T cells are rendered tolerant if they are activated by B cells as the APC rather 
than by antigen presented by dendritic cells or macrophages. 22 

* With carrier-hapten conjugates, there can be competition for antigen capture and 
presentation (Fig. 2A) between B cells with S-Ig specific for epitopes on the carrier 
protein and B cells specific for hapten. 17 Immunization with free carrier protein simul- 
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taneously with either a carrier-hapten or carrier-polysaccharide conjugate vaccine may C 

prevent binding of the conjugate vaccine to carrier-specific B cells and redirect the con- com 

jugate to polysaccharide-specific B cells (Fig. 2B), leading to better antibody responses slow 

to the hapten. In addition, an increased number of carrier-specific Th cells may be in- re ie\ 

duced. Preimmunization with the carrier protein may have divergent effects. Responses c leai 

to a hapten or a polysaccharide presented as a conjugate immunization composed of basii 

the same carrier protein may be enhanced by an increase in the number and state of cine 

activation 19 of carrier-specific memory Th cells. On the other hand, carrier preimmu- } too 

nization can expand the number of carrier specific B cells and direct a conjugate away duct 

from hapten-specific B cells (Fig. 2C). This is one explanation 23 for carrier-induced in al 

epitopic suppression (CIES), as described below. Similarly, conjugates with low hapten pose 

density will also bias antigen presentation toward carrier-specific rather than hapten- poly 

specific B cells. Affinity of surfoce immunoglobulin may play a role in directing which gate 

B cell captures antigen if the concentration of antigen is low. Multivalent antigens, saccl 

such as polysaccharides, may be able to compensate for the typical low affinity of anti- This 

bodies to polysaccharide by being able to bind to multiple S-Ig molecules on the cell B ce 

surface. It should be noted, however, that multivalent binding of antigens to S-Ig is char 
not required for endocytosis of the antigen, 17 but may be required for full activation L 

of the B cell. , high 

Carrier-induced epitopic suppression is an immunological phenomenon in which natu 

antibody responses to haptens presented oh a carrier are inhibited by prior immuni- epitc 

zation with the specific carrier. 24 The dose, route, choice of carrier protein, and pres- use ] 

ence of adjuvant dictates whether epitopic suppression or priming for responses to sub- devo 

sequent immunization with the carrier-hapten conjugate occurs. Suppression is speci 

induced in animals by large doses of carrier, antigen mixed with certain adjuvants, and abilii 

generation of high titers of antibody to the carrier. 24 - 26 The mechanisms of carrier- may 

specific epitopic suppression are not completely understood, but experimental models man; 

have implied a role for clonal expansion of carrier-specific B cells, 23 anergy of hapten- ' one 

specific B cells, 27 antibody to the carrier protein, and suppressor cells 24 ' 28 in its Ii 

pathogenesis. * port 

An increased number of carrier-specific B cells would act, as described above. It has dexti 

been shown that hapten-specific memory B cells are induced in normal numbers with sibly 

CIES but they are rendered tolerant, possibly from failure to receive adequate T cell of M 

help or having received an excess of suppressor activity when initially activated. 27 chari 

Serum antibody to the carrier protein has the ability to suppress antibody responses. lead 
Large amounts of anti-carrier antibody can inhibit responses to hapten-carrier conju- P< 

gates. Although IgG antibody-antigen complexes can be bound by Vcy receptors on the 

APC and facilitate antigen presentation on follicular dendritic cells, antibody to epi- t inhit 

topes can block antigen capture by epitope-specific B cells, inactivate the B cell, or in in 

affect antigen processing and presentation. Immune complexes may be shunted to Fc serve 

receptors on APC or to rheumatoid factor-specific B cells rather than to epitope- simu 

specific B cells. 29 Antibody to one epitope on a red blood cell (RBC) can suppress re- both 

sponses to other epitopes probably through signaling through both SIg and the couk 

FcyRII receptor on the B cell. 30 Immune complexes formed in antibody excess may are p 

not be processed in the APC in the same way as free antigen because antibody pre- subsl 

eludes attack by proteases. 31 It is clinically relevant that maternal antibody can inter- the 

fere with primary tetanus toxoid, pertussis, diphtheria, or poliomyelitis immunization same 

ofinfents, 32 blod 
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CIES becomes an issue in the choice of carrier proteins for combination vaccines 
composed of multiple (Hib, pneumococcal, meningococcal) conjugate vaccines or of 
slow release vaccines in which a chronic exposure to a carrier protein may occur The 
relevance of these models for human immune responses, however, is not perfectly 
clear To induce CIES in animals requires higher antigen doses on a weight-for-weight 
basis than is relevant for most human immunization. In infants priming with DT vac- 
cine can increase responses to Hib-DT conjugate vaccines*." although priming at 
too early an age may have no effect or be detrimental,^ possibly secondary to in- 
duction of clonal anergy of immature carrier-specific T cells. Pnrrung adults with DT 
in alum followed by secondary immunization one month later with a conjugate com- 
posed of DT linked to the Hib polysaccharide inhibited antibody responses to the 
mlvsaccharide * Primary immunization of adults with a D-Hib polysaccharide conju- 
gate vaccine followed by secondary immunization one month later with a T-Hib poly- 
saccharide vaccine inhibited responses to the protein component of the vaccine. 
This inhibition may be secondary to clonal proliferation of Hib polysacchande-specific 
B cells that have the ability to preferentially capture the tetanus toxoid-Hib polysac- 
charide conjugate. CIES has been invoked with other human vaccines.^* 

Increasing the density of hapten on a conjugate,^ priming with low rather than 
high doses of carrier protein,^' removing B cell epitopes from a carrier protein £ de- 
naturing the carrier protein (Fig. 2D), or using T cell carrier peptide .devoid of B ceU 
epitopes (Fig. 2Ep> 4 ° can pre vent CIES. One approach to avoid CIES would be to 
use peptides composed of T-cell epitopes as carriers for vaccines. If the peptide was 
devoid of B cell epitopes, it would foil to stimulate antibody responses or expand carrier- 
specific B cells. Obviously it would be imperative that the peptide selected has the 
ability to bind human MHC class II antigens. There are, in feet, some peptides that 
may be universally immunogenic in man by being promiscuous in their binding to 
many different human class II alleles because they possess nested epitopes or possess 
one epitope that binds to conserved nonpolymorphic class II subsites. > 

Interactions can also rise from competition at the level of antigen processing or trans- 
port to the surface with MHC II. It has been shown that polysaccharides (e.g., Hcoll, 
dextran) retained in macrophages interfere with antigen processing/presentation pos- 
sibly through alteration in intracellular transport or lysosomal recycling mechanisms 
of MHC II peptide complexes. 43 - 44 Theoretically, large amounts of diverse polysac- 
charide-protein conjures taken up by macrophages at the site of immunization could 
lead to inhibition in the capacity of the APC to present T cell epitopes. 

Peptides can compete for binding to MHC-II and at the level of presentation to 
the ICR Injection of immunodominant peptides with subdominant peptides can 
inhibit responses to the latter as shown with responses to hen egg lysozyme peptides 
in inbred strains of mice 45 Dimerization of MHC class II molecules has been ob- 
served in crystals of MHC class II molecules. 46 MHC dimers would allow interaction 
simultaneously with two TCR complexes. 47 If correct, the same peptide may need to 
both be presented by class II molecules and engage the ICR, and, therefore^ peptides 
could compete with each other at the level of presentation in T cells. In fact, there 
are peptide antagonists that are analogues of antigenic peptides with single amino acid 
substitutions that bind to the MHC class II molecule but tail to deliver signal 1 to 
the TCR 48,49 They can block signaling from the native antigen presented on the 
same APC, possibly by lowering the affinity of ICR-class II-peptide interactions or 
♦ blocking signal transduction. 
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IMMUNOLOGIC INTERACTIONS - ACTIVATION OF 
Th CELL SUBSETS 

It has long been appreciated that cell-mediated immunity (CMI) and humoral 
immune responses are mutually antagonistic. 50 Immunization of mice with flagella 
with adjuvant induces antibodies without delayed hypersensitivity. If flagella is 
modified by acetoacetylation, CMI is induced with a decrease in antibody formation. 
If only low antigen doses are used for immunization, CMI is induced with no antibody 
formation. With high doses, antibody predominates; and with the highest doses, CMI 
again predominates. This antagonism or so-called "immune deviation" has a cellular 
explanation. 

Helper T lymphocytes are composed of two distinct subsets designated T helper 1 
(Thl) and T helper 2 (Th2) cells 51 ' 53 (Fig. 3). The Thl cells produce interleukin-2 
(IL-2), interferon-7 (INF-y), and tumor necrosis factor 0 (TNF-0), which activate 
macrophages to mediate the responses of CMI or delayed hypersensitivity. In contrast, 
Th2 cells produce IL-4, IL-5, IL-6, and IL-10 and provide help to B lymphocytes for 
antibody production. In man, the difference in lymphokine production of the two 
subsets may be somewhat more quantitative rather than qualitative. 53 * 54 These func- 
tional subsets are mutually antagonistic, with each inhibiting the function of the other. 
Deviation towards a predominant Thl or Th2 response can change the clinical picture 
of certain infectious diseases. In experimental Leishnwnia major infection, induction 
of Thl cells induces production of IFN-y, which activates nitric oxide production 
through induction of nitrate synthase in infected macrophage, which then lolls the par- 
asite and leads to recovery from infection. 55 ' 56 If Th2 cells are induced, macrophage 
activation is inhibited by the IL-4 and IL-10 produced by the Th2 cells, and the para- 
sites persist in the host, leading to death of the animal. Similarly, human visceral or 
cutaneous leishmaniasis is associated with increased IL-4 and IL-10 levels in serum 
or lesions associated with suppression of CMI and Thl cell function. 57 * 58 

The mechanisms by which a naive Th cell deviates to become a Thl or Th2 cell 
is related to cytokines that stimulate the naive T cell 59 " 61 (Fig. 3). IL-12, which is gen- 
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FIGURE 3. Activation of Thl and Th2 cells. 



erated 
Deple. 
11^12 
of IF> 
opmei 
produ 
opmei 
IL-4 k 
tion o 
clear. 
TNF-< 
and T 
ance t 
which 
immu: 
The al 
late II 
Thl rt 

In, 
type. : 
hibit t 
with b 
develo 
lease c 
cells fc 
ofIL-] 
lation 
APC ( 
antigei 
a Thl 
produi 
Thl oi 
bulk o 
but an 
hibitoi 

Act 
immuj 
Schisto: 
entiati 
rivativt 
produi 
used t- 
respon 
may el 
antigei 
been s 
pressic 
or rele 
league 
secrete 



SCIENCES 



d humoral 
ith flagella 
flagella is 
formation, 
o antibody 
loses, CMI 
s a cellular 

T helper 1 
terleukin-2 
ch activate 
n contrast, 
hocytes for 
of the two 
Tiese func- 
f the other, 
ical picture 
induction 
production 
ills the par- 
lacrophage 
d the para- 
visceral or 
s in serum 

>r Th2 cell 
lich is gen- 



DTH 

age 

:ell 



Ab 



INSEL: POTENTIAL ALTERATIONS IN IMMUNOGENICITY 



43 



erated from macrophages and B lymphocytes, stimulates production of Thl cells. 62 
Depletion of 11^12 blocks Th2 cell development and leads to Thl cell development. 
IL-12 stimulates IFN-7 production from T ceils and natural killer cells, and depletion 
of IFN-7 or IL-2 with monoclonal antibodies blocks Thl and promotes Th2 devel- 
opment. Conversely, IL-4 promotes Th2 development, and can inhibit both IL-12 
production by human monocytes and the ability of IL-12 to promote Thl cell devel- 
opment. 63 Depletion of IL-4 inhibits Th2 and stimulates Thl cell development, and 
IL-4 knockout mice fail to generate Th2-derived cytokines. 64 The source of produc- 
tion of IL-4 (?T cells, mast cells, or basophils) that stimulate Th2 expression is not 
clear. IL-10, which can also be produced by macrophages, can inhibit IL-12 (and 
TNF-Gf) production by macrophages, interfere with the stimulatory effects of IL-12 
and TNF-a on natural killer (NK) cells, and block Thl cell development. 65 The bal- 
ance between IL-10 and IL-12 production by the APC may be critical in dictating 
which Th cell subset is expanded. The cytokine profile of the natural or nonadaptive 
immune response to antigen may, thus, dictate whether Thl or Th2 cells are induced. 
The ability of several pathogens {Mycobacterium, Listeria, Toxoplasma gondii) to stimu- 
late IL-12 production from macrophages correlates with their capacity to stimulate a 
Thl response. 60 ' 66 

InvipoT cell responses tend to exhibit either a polarized Thl- or Th2-hke pheno- 
type. This may be a result of the fact that each subset generates lymphokines that in- 
hibit the development and function of the reciprocal subset. After T cell activation 
with both IL-4 and IL-12, the effects of IL-4 predominate with inhibition of Thl cell 
development. 60 - 62 Initially, after macrophage phagocytosis there is early (4-8 h) re- 
lease of IL-12 and TNF-a. 60 The latter is required with IL-12 for activation of NK 
cells for IFN-7 production. At 24-48 h after stimulation, the macrophage production 
of IL-10 peaks, which serves to down-modulate IFN-7 production. Preferential stimu- 
lation of one Th cell subset over the other is observed based on the type of stimulating 
APC (B cells stimulate Th2, and macrophages stimulate Thl cells preferentially), the 
antigen dose, and the nature of the antigen. Viruses and intracellular bacteria promote 
a Thl response. 66 Combination vaccines that predominantly stimulate IL-12 or IL-10 
production by macrophages may deviate the immune response towards a dominant 
Thl or Th2 cell response, respectively, because of the specific cytokines generated. The 
bulk of T ceils producing lymphokines in a lymph node arc not antigenicity specific 
but are recruited into the site of immune responses 67 The cytokines and cytokine in- 
hibitors generated locally at that site will dictate the response in that local environment. 

Active immune responses to one antigen may, therefore, theoretically interfere with 
immune responses to another simultaneously administered antigen. Mice infected with 
Schistosoma mansoni show a strong Th2 cell response that influences Th cell subset differ- 
entiation to unrelated antigens. 68 Similarly, in allergic individuals, purified protein de- 
rivative (PPD)-responsive CD4 T cell clones, which usually are predominantly type 1, 
produce both IL-4 and IFN-7. 61 As new vaccines are produced and as new vectors are 
used to deliver multiple antigens at a single site, this balance between Thl and Th2 
responses will need to be considered. In addition, an antigen in a combination vaccine 
may elicit suppressor phenomena that could influence the immune response to other 
antigens. Antigen-specific T cells mediating suppression of antibody responses have 
been shown in animal studies. 69 " 71 The exact mechanism and cells that mediate sup- 
pression remain controversial. T suppressor cells may function by killing, inactivating, 
or releasing soluble mediators that inhibit T cells, B cells, or APC. Bloom and col- 
leagues have shown that patients with leprosy generate CD8+ T suppressor cells that 
secrete IL-4 and anergize lepromin-stimulated CD4+ T cells. 70 ' 71 They suggest that 
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there exists both CD4+ and CD8+ type cells that can suppress B cells, and CD4+ 
and CD8+ type 2 cells that can suppress delayed type hypersensitivity. 



IMMUNOLOGIC COMPROMISES IN DEVELOPMENT 
OF COMBINATION VACCINES 

A decrease in immunogenicity of combination vaccines may be acceptable as long 
as protective efficacy of the vaccine is preserved. It may not always be possible, however, 
to perform controlled clinical efficacy trials. Serologic assays that correlate with efficacy 
will need to be used as surrogates for efficacy trials. Combination vaccines will need 
to induce those antibody titers that correlate with clinical protection even if the mag- 
nitude of the response is not as great as that observed with the individual vaccine. One 
will need to keep in mind that the ultimate goal of the CVI is to protect children from 
infections with a limited number of encounters with health care providers. Combina- 
tion vaccines with less than maximum immunogenicity may have to be accepted to 
meet these goals. 
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